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Specification 

Title of the Invention 

[ 0001 ] Electronic System For Reducing Power Supply Voltage 

Background of the Invention 

[0002] The present invention relates to an electronic 

system and a method for reducing power supply voltage which is 
supplied by a voltage regulator to an electronic device , in order 
to protect the electronic device when a certain failure occurs 
to the electronic device. 

[0003] Electronic devices such as electronic endoscopes 

are desired to be equipped with a power supply interruption system 
for interrupting power supply voltage which is supplied to a 
particular circuit of the electronic device (e.g., a CCD and 
a CCD driving circuit of the electronic endoscope) in order to 
protect the circuit when the certain failure occurred to the 
electronic device . 

[0004] Fig. 3 is a circuit diagram showing an example of 

a conventional power supply interruption system. The power 
supply interruption system of Fig. 3 controls power supply 
voltage which is supplied to a CCD circuit , including a timing 
generator 140, an inverter 150, a CCD driving circuit 160 and 
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a CCD 110, provided in an electronic endoscope (i.e., an 
electronic device) . A preset DC voltage generated by a power 
supply 103 is converted by a regulator unit 120 into a proper 
DC power supply voltage . The DC power supply voltage converted 
by the regulator unit 120 is supplied to the CCD circuit. 
[0005] The switching element 130, being operated by a 

control signal SI supplied from a CPU (Central Processing Unit) 
170, controls the conduction/interruption of electric power 
supplied from the regulator unit 120 to the timing generating 
circuit 140, the inverter 150, the CCD driving circuit 160 and 
the CCD 110. A pulse signal generated by the timing generating 
circuit 140 is inputted to the CCD driving circuit 160 via the 
inverter 150 . The CPU 170 has a function for determining whether 
or not failure has occurred to the electronic device of the 
electronic endoscope. 

[0006] When a certain electronic failure occurs in the 

electronic endoscope, the CPU 170 operates the switching element 

130 and thereby interrupts the power supply voltage supplied 

from the regulator unit 120 to the timing generating circuit 

140, the inverter 150, the CCD driving circuit 160 and the CCD 

110. By the mechanism, the power supply voltage and the pulse 

signal which are inputted to the CCD driving circuit 160 are 

interrupted in case of the certain failure of the electronic 

* 

endoscope, by which a particular circuit (CCD driving circuit 
160 and CCD 110) is protected. 
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[0007] As described above, the conventional power supply 

interruption device protects the particular circuit of the 
electronic device by turning the switching element off when the 
certain failure is found. However, due to the switching element 
connected in series with the power supply line supplying electric 
power to the particular circuit to be protected in case of failure , 
constant voltage drop is caused by the resistance of the switching 
element in the normal state (normal operation) of the electronic 
device . 

[0008] Further, individual difference of the switching 

element makes the setting of power supply voltage complicated 
and troublesome. In addition, since the switching element is 
connected in series with the line supplying electric power to 
the parts , an expensive power device has to be used as the switching 
element, by which manufacturing cost of the electronic device 
increases . 

Summary of the Invention 

[0009] The present invention is advantageous in that it 

provides a method and a system capable of protecting a particular 
circuit of an electronic device by reducing a power supply voltage 
when a certain failure occurs in the particular circuit of the 
electronic device without causing a voltage drop in a normal 
operating state of the particular circuit. 
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[0010] According to an aspect of the invention, there is 

provided a method of reducing a power supply voltage which is 
supplied from a voltage regulator to at least one particular 
circuit, the voltage regulator being configured to adjust its 
output voltage by use of an external output voltage setting 
circuit connected thereto, a switching element being used to 
connect an output voltage setting terminal of the voltage 
regulator to a ground via a predetermined resistance. The method 
includes turning off the switching element so that the output 
voltage of the voltage regulator is set at a preset power supply 
voltage for enabling the at least one particular circuit, and 
turning on the switching element so that the output voltage of 
the voltage regulator is reduced to a predetermined voltage which 
is lower than the preset power supply voltage. 
[ 0011 ] With this configuration , the at least one particular 

circuit can be protected, e.g. , when a certain failure occurs 
in the at least one particular circuit, by reducing the output 
voltage of the voltage regulator to the predetermined voltage, 
without causing a voltage drop in a normal operating state of 
the at least one particular circuit. Further, since the output 
voltage setting terminal of the voltage regulator can be 
connected to the ground directly or via a resistance, the ON/OFF 
control of the switching element can be performed easily with 
reference to the ground level. 

[0012] Optionally, the predetermined voltage may be 
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substantially equal to a reference voltage of the voltage 
regulator, the reference voltage being lower than an operating 
voltage of the at least one particular circuit. 
[0013] Still optionally, the method may include 

determining in advance whether the at least one particular 
circuit is in a normal operating condition or in an abnormal 
operating condition. In this case, the turning on the switching 
element step is performed when it is determined that the at least 
one particular circuit is in the abnormal operating condition 
by the determining step . 

[0014] According to another aspect of the invention, there 

is provided a power supply voltage reduction system for reducing 
a power supply voltage which is supplied to at least one particular 
circuit from a voltage regulator. The power supply voltage 
reduction system includes an output voltage setting circuit that 
is connected to the voltage regulator to adjust an output voltage 
of the voltage regulator, a switching element that is used to 
connect an output voltage setting terminal of the voltage 
regulator to a ground via a predetermined resistance, and a 
controller that controls an on/off state of the switching element . 
The controller switches the switching element to one of the on 
and off states so that the output voltage of the voltage regulator 
is reduced to a predetermined voltage which is lower than a preset 
power supply voltage. 

[ 0015 ] With this configuration , the at least one particular 
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circuit can be protected, e.g., when a certain failure occurs 
in the at least one particular circuit, by reducing the output 
voltage of the voltage regulator to the predetermined voltage, 
without causing a voltage drop in a normal operating state of 
the at least one particular circuit . Further, since the output 
voltage setting terminal of the voltage regulator can be 
connected to the ground directly or via a resistance by the 
switching element , the ON/OFF control of the switching element 
can be performed easily with reference to the ground level. 
[0016] Optionally, the controller may turn off the 

switching element so that the output voltage of the voltage 
regulator is set at the preset power supply voltage for enabling 
the at least one particular circuit , and may turn on the switching 
element so that the output voltage of the voltage regulator is 
reduced to the predetermined voltage lower than the preset power 
supply voltage. 

[0017] Still optionally, the predetermined voltage may be 

substantially equal to a reference voltage of the voltage 
regulator, the reference voltage being lower than an operating 
voltage of the at least one particular circuit. 
[0018] Still optionally, the power supply voltage 

reduction system may include a monitoring system that monitors 
the at least one particular circuit to determine whether the 
at least one particular circuit is in a normal operating condition 
or in an abnormal operating condition. In this case, the 
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controller turns on the switching element when the monitoring 
system determines that the at least one particular circuit is 
in the abnormal operating condition. 

[0019] According to another aspect of the invention, there 

is provided a CCD driving system, which includes a CCD driving 
circuit that outputs a driving signal for driving a CCD, a timing 
generator that generates and outputs a pulse signal for driving 
the CCD driving circuit , a voltage regulator that supplies a 
preset power supply voltage to the CCD driving circuit and the 
timing generator, and an output voltage setting circuit that 
is connected to the voltage regulator to adjust an output voltage 
of the voltage regulator . The CCD driving system further includes 
a switching element that is used to connect an output voltage 
setting terminal of the voltage regulator to a ground via a 
predetermined resistance, and a controller that controls an 
on/off state of the switching element, the controller switches 
the switching element to one of the on and off states so that 
the output voltage of the voltage regulator is reduced to a 
predetermined voltage which is lower than the preset power supply 
voltage. 

[0020] With this configuration, the CCD driving circuit 

and the timing generator can be protected, e.g. , when a certain 
failure occurs in the CCD driving circuit and the timing generator , 
by reducing the output voltage of the voltage regulator to the 
predetermined voltage, without causing a voltage drop in a normal 
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operating state of the CCD driving circuit and the timing 
generator. Further, since the output voltage setting terminal 
of the voltage regulator can be connected to the ground directly 
or via a resistance by the switching element, the ON/OFF control 
of the switching element can be performed easily with reference 
to the ground level. 

[0021] Optionally, the controller may turn off the 

switching element so that the output voltage of the voltage 
regulator is set at the preset power supply voltage for enabling 
the CCD driving circuit and the timing generator, and may turn 
on the switching element so that the output voltage of the voltage 
regulator is reduced to the predetermined voltage lower than 
the preset power supply voltage. 

[0022] Still optionally, the predetermined voltage may be 

substantially equal to a reference voltage of the voltage 
regulator, the reference voltage being lower than an operating 
voltage of the CCD driving circuit and the timing generator. 
[ 0023 ] Still optionally , the CCD driving sys temmay include 

a monitoring system that monitors the CCD driving circuit to 
determine whether the CCD driving circuit is in a normal operating 
condition or in an abnormal operating condition. In this case, 
the controller turns on the switching element when the monitoring 
system determines that the CCD driving circuit is in the abnormal 
operating condition. 

[0024] In a particular case, the timing generator may be 
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configured to hold the pulse signal supplied to the CCD driving 
circuit at a ground level when the output voltage of the voltage 
regulator is lower than a first voltage which is lower than the 
preset power supply voltage and higher than or equal to the 
predetermined voltage. 

Brief Description of the Accompanying Drawings 

[0025] The objects and features of the present invention 

will become more apparent from the consideration of the following 
detailed description taken in conjunction with the accompanying 
drawings , in which : 

[0026] Fig. 1 is a block diagram showing the composition 

of an electronic endoscope as an example of an electronic device 
including a power supply voltage reduction system in accordance 
with an embodiment of the present invention; 

[0027] Fig. 2 is a block diagram showing an example of 

detailed composition around a regulator unit and a timing 
generating circuit of the electronic endoscope of Fig. 1; and 
[0028] Fig. 3 is a circuit diagram showing an example of 

a conventional power supply interruption device which interrupts 
power supply to a CCD driving circuit of an electronic endoscope . 

Detailed Description of the Embodiments 
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[0029] Referring now to the drawings, a description will 

be given in detail of preferred embodiments in accordance with 
the present invention. 

[0030] Fig. 1 is a block diagram showing the composition 

of an electronic endoscope 1 as an example of an electronic device 
including a power supply voltage reduction system in accordance 
with an embodiment of the present invention. The electronic 
endoscope 1 shown in Fig. 1 includes a regulator unit 20 , a timing 
generating circuit 40, an inverter 50, a CCD 10, a CCD driving 
circuit 60, a CPU 70, a signal processing circuit 80 and an 
operation detecting circuit 90. The electronic endoscope 1 is 
electrically connected to a power supply unit 3 and a signal 
processing circuit 4 provided in an electronic endoscope 
processor 2. The signal processing circuit 4 of the processor 
2 is connected to a monitor 5 . 

[0031] The CCD 10 is connected to the CCD driving circuit 

60. The CCD driving circuit 60 sends a CCD drive signal to the 
CCD 10 and thereby control the CCD 10 . An optical image is formed 
on the photoreceptor surface of the CCD 10 by the functions of 
a lighting optical system (unshown) and an objective optical 
system (unshown) of the electronic endoscope 1. The optical 
image is converted by the CCD 10 to an electric signal, and the 
electric signal is sent to the signal processing circuit 80. 
[0032] The signal processing circuit 80 generates an image 

signal by processing the electric signal from the CCD 10 and 
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sends the image signal to the signal processing circuit 4 of 
the processor 2 . The signal processing circuit 4 of the processor 
2 converts the image signal into a video signal (e.g. , an NTSC 
signal) by processing the image signal and outputs the video 
signal to the monitor 5. 

[0033] The power supply 3 is connected to the signal 

processing circuit 4, the signal processing circuit 80, the 
regulator unit 20 , the CPU 70 and the operation detecting circuit 
90 for supplying them electric power. The regulator unit 20 
supplies proper power supply voltage to the timing generating 
circuit 40, the inverter 50, the CCD driving circuit 60 and the 
CCD 10. 

[0034] The timing generating circuit 40 (e.g., a linear 

CCD clock driver TB62801F (Toshiba Corporation)) is a driver 
for CCD input signals. The timing generating circuit 40 
converts input current into a pulse signal and sends the pulse 
signal to the inverter 50. The inverter 50 inverts the phase 
of the pulse signal and supplies the inverted pulse signal to 
the CCD driving circuit 60. Incidentally, while the embodiment 
of Fig. 1 employs the inverter 50 since polarities of an output 
terminal of the timing generating circuit 40 and an input terminal 
of the CCD driving circuit 60 are opposite to each other, the 
inverter 50 is unnecessary when the polarity of the input terminal 
of the CCD driving circuit 60 is identical with that of the output 
terminal of the timing generating circuit 40. 
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[0035] The operation detecting circuit 90 determines 

whether or not the CCD driving circuit 60 is in a normal operating 
condition by, for example, detecting periodic drive pulses 
outputted by the CCD driving circuit 60 . The CPU 70 is constantly 
informed of the result of a determination by the operation 
detecting circuit 90 and thereby grasps an operating condition 
of the CCD driving circuit 60. 

[0036] When an occurrence of a certain failure of the CCD 

driving circuit 60 is detected (i.e. , when the CCD driving circuit 
60 is in an abnormal electric condition or a malfunction) , the 
CPU 70 controls the regulator unit 20 (including part of the 
power supply voltage reduction system) to reduce the power supply 
voltage to almost 0V and thereby protects the CCD driving circuit 
60. The reduction of power supply voltage disables the CCD 
driving circuit 60, by which the CCD 10 is protected from the 
CCD driving circuit 60 operating abnormally. 

[0037] In the following, the operation of the power supply 

voltage reduction system will be described in detail. Fig. 2 
is a block diagram showing an example of detailed composition 
around the regulator unit 20 and the timing generating circuit 
40 of the electronic endoscope 1. In the example of Fig. 2, 
the input terminal of a regulator IC ( three- terminal regulator) 
21 is connected to the power supply 3, and the output terminal 
of the regulator IC 21 is connected to the timing generating 
circuit 40, the inverter 50, the CCD driving circuit 60 and the 



12 



CCD 10. 



[0038] 



The output terminal and an AD J terminal (output 



voltage setting (adjustment) terminal) of the regulator IC 21 
are connected together via a first resistor 22a . The AD J terminal 
of the regulator IC 21 is connected to a ground via a second 
resistor 22b. Thus, the first resistor 22a and the second 
resistor 22b constitute an output voltage setting circuit of 
the regulator IC 21 (i.e. , a circuit for setting the output voltage 
of the regulator IC 21) . The AD J terminal of the regulator IC 
21 is also connected to the collector of a switching element 
30. 

[0039] The CPU 70 has a control signal output terminal for 

outputting a control signal S10. The control signal output 
terminal is connected to a base of the switching element 30 via 
a proper resistor 23. An emitter of the switching element 30 
is connected to the ground. In short, the ON/OFF switching of 
the switching element 30 is controlled by the control signal 
S10 outputted by the CPU 70. 

[0040] The switching element 30 remains OFF when the CPU 

70 applies no voltage to the base of the switching element 30. 
The voltage V Q at the output terminal of the regulator IC 21 
is expressed by an equation: 



where "Vref" denotes a reference voltage of the regulator IC 21, 




(1) 
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" Iadj" denotes electric current passing through the ADJ terminal , 
"Ri" denotes resistance of the first resistor 22a, and "R2" denotes 
resistance of the second resistor 22b. 



regulator IC 21 (i.e., the regulator unit 20) can be held at 
a proper voltage that is determined by values of R lt R 2 and V RE f. 
Incidentally, Ri and R 2 of the first and second resistors 22a 
and 22b are set sufficiently higher than internal resistance 
of the switching element 30 when it is ON (which will be explained 
later) . 

[0042] Meanwhile, when the CPU 70 turns the switching 

element 30 ON by applying a certain voltage to the base of the 
switching element 30, the internal resistance of the switching 
element 30 when it is ON will be added in parallel with the 
resistance R 2 of the second resistor 22b. In this case, almost 
all the current Iadj from the ADJ terminal of the regulator IC 
21 head for the switching element 30 since the internal resistance 
of the switching element 30 when it is ON is sufficiently smaller 
than R 2 of the second resistor 2 2b as mentioned above . Therefore , 
the output terminal voltage V 0 can be obtained by the following 
equation (2) using combined resistance R M of the internal 
resistance of the switching element 30 and the second resistor 
22b. 



[0041] 



Thus, the voltage V 0 at the output terminal of the 




(2) 
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Incidentally, the output terminal voltage V 0 obtained from the 
equation (2) is smaller than V 0 obtained from the equation (1) 
since R M < R2 • 

[0043] In the equation (2), R M /Ri and R m xIadj are 

approximately 0 since the internal resistance of the switching 
element 30 when it is ON and the current Iadj are extremely small. 
Thus, the output terminal voltage V 0 of the equation (2) is 
substantially equal to the reference voltage V RE f. While the 
reference voltage V RE f varies depending on the type of the 
regulator, V RE f can be set to 1.25V (i.e., a normal voltage for 
the reference voltage V REF ) when, for example, a positive-output 
three -terminal regulator NJM317 (New Japan Radio Co. , Ltd. ) is 
used. 

[0044] Since the reference voltage V REF in this embodiment 

is set far lower than an operating voltage (i.e. , a lowest power 
supply voltage that enables the timing generating circuit 40, 
the inverter 50, the CCD driving circuit 60 and the CCD 110 to 
operate), power supply to the CCD driving circuit 60 and the 
CCD 10 is practically interrupted when the switching element 
30 is ON. In this embodiment, the emitter of the switching 
element 30 is connected to the ground, therefore, the ON/OFF 
control of the switching element 30 can be performed easily with 
reference to the ground level. 

[0045] The timing generating circuit 40 includes a circuit 

element 41 for preventing malfunction occurring when the power 
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is turned on. The circuit element 41 holds an output voltage 
of the timing generating circuit 40 at the ground level 
(regardless of the value of a logic signal to be outputted from 
the timing generating circuit 40) as long as the power supply 
voltage V 0 supplied from the regulator unit 20 to the timing 
generating circuit 40 is lower than a certain threshold voltage. 
Thus , the operation voltage of the timing generating circuit 
40 (a lowest power supply voltage capable of enabling the timing 
generating circuit 40) is higher than the threshold voltage. 
In this embodiment , the threshold voltage is set higher than 
the reference voltage V RE f- 

[0046] In the composition described above, when the 

switching element 30 is OFF, the output terminal voltage V 0 
obtained from the equation (1) is supplied to the CCD 10, the 
CCD driving circuit 60, inverter 50 and the timing generating 
circuit 40, by which the inverter 50 outputs a pulse signal for 
driving the CCD driving circuit 60. In this case, the switching 
element 30 is in its OFF state, and thus the switching element 
30 causes no change to the output voltage of the regulator unit 
20. 

[0047] In this state, if the certain failure occurs in the 

CCD driving circuit 60, the switching element 30 is turned ON 
by the control signal S10 of the CPU 70 and the output terminal 
voltage V 0 of the regulator unit 20 (obtained from the equation 
( 2 ) ) changes to the reference voltage V REF , by which power supply 
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to the timing generating circuit 40, the inverter 50, the CCD 
driving circuit 60 and the CCD 10 is practically interrupted 
and thereby the CCD driving circuit 6 0 and the CCD 1 0 are protected . 
[0048] Incidentally, in this embodiment, Ri and R 2 of the 

first and second resistors 22a and 22b are set sufficiently higher 
than the internal resistance of the switching element 30 when 
it is ON so that the power supply voltage V 0 will be approximately 
Vref which is sufficiently lower than the operation voltage of 
the CCD 10, the CCD driving circuit 60, the inverter 50 and the 
timing generating circuit 40. 

[0049] However, the settings of Ri and R 2 are not limited 

to the above example as long as the voltage V 0 when the switching 
element 30 is OFF ( obtained from the equation ( 1 ) ) is sufficiently 
higher than the operation voltage of the timing generating 
circuit 40, inverter 50, CCD driving circuit 60 and the CCD 10 
and the voltage V 0 when the switching element 30 is ON (obtained 
from the equation (2)) is lower than the operation voltage. 
[0050] The power supply voltage V 0 outputted by the 

regulator unit 20 falls below the aforementioned threshold 
voltage when the switching element 30 is turned ON, by which 
the output voltage of the timing generating circuit 40 is fixed 
at the ground level. Therefore, ill effects by a leak of a 
HI -output (a high-level output) of the timing generating circuit 
40 to the CCD driving circuit 60 (for example, excessive power 
consumption, malfunctions, etc. caused by a latch up in the 
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CCD driving circuit 60) can be prevented. 

[0051] By the above embodiment in accordance with the 

present invention, a switching element is turned ON in response 
to the occurrence of the certain failure in the electronic device 
(e.g. the electronic endoscope 1) and thereby the voltage 
supplied to a particular circuit (e.g. , the CCD driving circuit 
60 and the CCD 10) is reduced to a preset voltage lower than 
the power supply voltage that is supplied to the particular 
circuit in the normal state of the electronic device. 
[0052] Therefore, in case of the certain failure, the 

particular circuit of the electronic device can be protected 
by reducing the output voltage of the three- terminal regulator 
(e.g. regulator IC 21) to a low voltage that can not cause ill 
effects on the particular circuit. In the normal state, the 
switching element stays OFF and thus causes no change to the 
voltage at the output voltage setting terminal ( the AD J terminal ) 
of the three -terminal regulator , by which a power supply voltage 
according exactly to the setting by the output voltage setting 
circuit can be obtained in the normal state. Further, since 
the output voltage setting terminal of the three -terminal 
regulator is connected to the ground directly or via a low 
resistance, the ON/OFF control of the switching element can be 
performed easily with reference to the ground level. 
[0053] While the present invention has been described with 

reference to the particular illustrative embodiment , it is not 
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to be restricted by the embodiment but only by the appended claims . 
It is to be appreciated that those skilled in the art can change 
or modify the embodiment without departing from the scope and 
spirit of the present invention. 

[ 0054 ] The present disclosure relates to the subject matter 

contained in Japanese Patent Application No. P2003-045071 , filed 
on February 21, 2003, which is expressly incorporated herein 
by reference in its entirety. 
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